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(1) 实验测定了 Cu-Ni-Si 三元系在 800、900 和 1000 ℃时全成分范围内的等
温截面相图。验证了液相区域以及一个三元化合物相 τ1 的存在，γ (Cu5Si)、γ 
(Ni31Si12)、δ (Ni2Si)与 θ (Ni2Si)相在三元系中存在一定的固溶度范围，γ (Cu5Si)
与 θ (Ni2Si)相能够通过置换 Cu 或者 Ni 而分别稳定化到更高或更低的温度范围。 
(2) 基于 Cu-Ni-Si 与 Cu-Ni-Ti 三元系的相平衡信息，设计了一系列析出强化
型 Cu-Ni-(Si, Ti)合金，并对其在 600、700 与 800 ℃的时效性能进行了实验研究。
利用合金时效过程中析出相的体积分数与电导率的线性关系，计算推导了第二相
析出 JMA 相变动力学方程与电导率方程。 
(3) 基于本课题组建立的 fcc 两相分离型铜合金热力学数据库，设计了一系























Copper and copper-based alloys, which possess a desirable combination of 
excellent electrical and thermal conductivities, improved mechanical properties and 
good corrosion resistance, have been widely utilized in modern industries, especially 
in electrical and electronic industries. Thus, great attention has been focused on the 
research and development of high-performance copper alloys. Aging strengthing, 
which is the key strengthing mechanism for metallic materials, is a typical method in 
acquiring high-performance copper alloys as well. Additionally, Phase diagram, as the 
“map” of materials design, can provide important guide on the development of 
high-performance copper alloys. In the present work, the compositional design, 
fabrication and the correspounding analysis and characterization are carried out by 
combining with experimental and calculated phase diagrams. Major research contents 
are listed as follows: 
(1) The phase equilibria of the Cu-Ni-Si ternary system at 800, 900 and 1000 ℃ 
are experimentally determined. The liquid phase and the ternary compound τ1 are 
confirmed. The binary γ (Cu5Si), γ (Ni31Si12), δ (Ni2Si) and θ (Ni2Si) phases exhibit a 
considerable solubility of a third element in the ternary system. Moreover, the 
addition of Ni and Cu are able to stabilize the γ (Cu5Si) and θ (Ni2Si) phases at higher 
or lower temperatures, respectively. 
(2) Based on experimental phase equilibria data of Cu-Ni-Si and Cu-Ni-Ti 
systems, a series of precipitation hardening Cu-Ni-(Si, Ti) alloys are designed and 
fabricated, the properties are also experimental determined when aging among 600, 
700 and 800 ℃. Upon aging after solid solution, there could be a linear relationship 
between electrical conductivicy and volume fraction of precipitates, JAM phase 
transformation kinetics equation and electrical conductivity equation are described for 
partial Cu-Ni-(Si, Ti) alloys. 
















copper-based alloys by our research group, a series of Spinodal hardening Cu-Ni-(V, 
Mo) alloys are designed and fabricated, the properties are also experimental 
determined when aging between 800 and 900 ℃. 
The obtained phasee quilibria data in this work can be applied to provide 
important theoretical guidance on designing the composition and microstrcture. The 
obtained results and the mathematical model would provide additional support for the 
further development in the domain of advanced copper-based alloys. 
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